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LINTRODUCTION,. 
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‘This paper deals chiefly with a remarkable process of epithe- 


- 


1 degeneration which occurs periodically in the collembolan 


and has an important physiological significance; and deals 
” 7 : + 7 
‘ily with regeneration and secretion in the stomach of ) 


bola as compared with those functions in other insects. 
The details of this precess of degeneration are here de- 


and interpreted for the first time. The only previous 
ae. ) p.713 

rences to the subject are by Sommer ('8§), who mentions that 
a +7. 


two different aspects of the epithelium of the mid-intes- 


fomocerus (Macrotoma), and by Fernald ('90, p. 455), who. ~- 


2 ae 
a 7 * * J 
‘The work has been done under the supervision of Dr. J. VW. 
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bo whom I am deeply indebted for constant and valuable 
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YI.MATERIAL AND METHODS 


The species of Collembola used in this study were Tomocerus 


+ 


Podura aquatica, Isotoma viridis and Orchesella cincta. 


ion of the stomach epithelium. It was unnecessary to have 
“sia a series in the case of the other species, since they 


ound to present essentially the same conditions as Tomocerus,- 


r 


am led to believe that the phenomena as described here for 


peee vay Sere in all Collembola. Specimens taken at 


it was necessary to kill the in- 
th Shown reference to the time of the external moult. To 


id a large number of insects were collected and put, singly, 


po ea glass tubes, with bits of moist, decayed wood, for food, 


the 1 tubes being oieue? by cotton plugs. When proper precautions 


be 


were taken, including the use of sterilized cotton and distilled 
to prevent the growth of fungi, it was found that the 


could be kept alive for three or four weeks, and their fepite 


feeding, moulting, etc., readily observed. 
AAs 


i - Collembola moult throughout life, continuing to moult after 
ey 


are full grow. 


of special signifiea- 
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In Collembola, it does not 
es. or lack of food, and may prove to be an 
y process in these forms, which are unique among insects 
ing no Malpighian tubes, Bares eee ee the statement of 
('41), Tullberg (' 72), and Sommer ('85). 
‘The interval betwecn two successive moults increases with 
»f the individual. Very young insects moult as often as 
wo days, while adult specimens moult at intervals varying. 
ix to eight days. For some time (about twenty-four hours) 
18 to moulting the insects are inactive, anc take no food, 
ately artery ec dysis the insect usually devours the cast 
‘a habit which necessitates almost constant observation a 
to determine the time of the moult, before the exuviae neue 


4: 


ared. ‘The eaten skin, with its numerous chitinous scales, 


s 


Bes. recognized in the stomach of the insect, and these 


ns are of use as indicating when the last moult occurred. 


ae: , ' : 
The material was studied by means of microtome sections and 


ections,made under the compound or dissecting microscope. 
7, sections of the entire insect were made, but often the 
ach was dissected out, and then sectioned. Either method gave - 


ent results, but the latter is the better, theoretically, 


egards fixation, orientation and case of sectioning. The 


Bessa; with those in the living cytoplasm, which was obtained 
dissecting out the stomachs of sia. dha insects. Both pre- 
ved and living cytoplasm agreed precisely in abate so far 


as it was possible to observe. The living er toplaam is alveolated 


| i she ame manner as the preserved cytoplasm,—an important fact, 
\ “i 
; 


a 


of 
han 
st >: 97 
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killing and fixing the tissues, I used, with excellent 


a saturated solution of mercuric chloride in thirty-five 
with two percent. of BLacial acetic acid. This 


Lion was used ata temperature of about 80° C., and allowed 


a he 


ae three or four minutes, after which the tissues were left 


to remove the mercuric SBAET IE Ss For embedding, the 


ng 
6 


et Serial sections were cut, with a Minot-Zimmermann | 


ome, from 6 2/3 to 10 micra in ‘thickness, in sagittal and 


‘Dissected material was stained in toto, immediately 


< 


out the fixing agent, Grenacher's alcoholic borax-carmine 
The tissues were left in this 
four hours, then decolorized in alcohol of seventy per cent. 


tlated with a few drops of hydrochloric acid, until a clear, 


red color was obtained. 


a 
. 
_* 
-; 


_ For staining sections, Ehrlich's acid haematoxylin was 


SS eae rie : . 
or with safranin or orange Ge The tissues were 


aematoxylin for about ten minutes, then decolorized in slightly 


ated alcohol, one or two minutes, or until they showed good 
entiation. In double-staining,the tissues were treated as 

re with haematoxy jlin, and counter-stained in a weak solution of 
in absolute alcohol, or else a dilute solution of orange 


5s. five per cent.alcohol. Both safranin and orange G. 


xT | sre « excellent chitin stains. The best results as regards precision 
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of differentiation were obtained with Ehrlich's haematoxy- 


T11.THE ALIMENTARY TRACT. (Pl. 1, Wig. 1). 


In Collembola, and Thysanura (especially Campodea and Japyx) 
nt 

atary tube presents primitively simple conditions, such 

less primitive insects (Pterygota) are confined to the 


Te haova, In Tomocerus, as in all other elongate collembolans, 


edt. int/), from the endodermal mesenterons; end hind- 


he int), from the ectodermal proctodaeum:. There are no 


2 


eee pxcopting the salivary glands. The posterior end of 


i 


folds into the stomach to form a cardiac valve,(car) 


9 posterior end of the stomach a pyloric valve(pyl.) occurs. 


—re 


has already been described by Tullberg ('72), Sommer ('85), 
he 90), Folsom ('99), and Willem ('00). It is sufficient to 


t the wall of the tube consists of a single layer of epithe- 
Is, which secrete. entally a distinct intima (in. y and 


a delice abe, hyaline, homogeneous hasement membrane, or 


ea propria (bea (b.m}). This is surrounded by a single layer of 


es i Ge ) which are most strongly developed around the 


Outside the circular muscles, is a single layer | — 
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1 (@ 1} rocoo® (80?) predlfeT qd bedireneh mood yiwedia’ ' 
ft 6 supiogtzus ef #2. .(00") se0deh? Gas «{o2") aoaier (fen 
; ; % "5 49 teh Sihate a 20 etalated edit em? to ier oe? 

aan ae): . a } eived @ondtetS & Yldesce acorn Hotty 28 hoe 
pf) to spare orn ‘rnasDatt nwoeRerOniat : faite Stool ieb a ae 
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ae 


Viaht, orpkore cago sowed “innees Sack ois’ tobi {. 


‘Ginvita aol) Aedope rm giveril 3 et? Pbiecnd 


os . ean meV Pea a 
US Ta a ; 
Les (pemd) in the case of the stomach; but they | 
; \ , A ; 
t around the oesophagus and rectum. 


e mid-inte Stine, otherwise knowm as.ventriculus, chylific 


x ig 


, or ston mach, {this term is in current use, and is often 


NS 


, , a : : ; 
} to employ, provided it be understood that the stomach of 

| 
: ; é 
4 is entirely different hysiologically, from the stomach q 

se & ? . 
, che : Se ee See a | 
Fa vertebrate], is the principal division of the alimentary tract. ; 
ars % 


adult insect (Tomocerus) the mid=-intestine is about two 


ae length, reaching from the beginning of the mesothorax 


‘fourth abdominal segment, The average diameter is about one 


Re iens. The ventriculus is surrounded, immediately by about 


As 


+ 


scles undergo no morphological changes in the adult insect, 


" 


1 seldom be referred to here. I now pass to a consideration 


These k 
4 
of course, contimious, but may for convenience of 4 
be referred to five stases. 
4 
» 
LV. DEGENERATION, 
Stage I. (Pl. t 


The degeneration of the epithelium of the stomach occurs 


es 


only at each x noult, and then occupies but one or two days, at most. 


all other times, i.@€., between moults, the epithelium is in what. 


oe ‘ Ma Py f 
I may term a resting condition, since it is characterized by the. 


Ae A Pe cA ‘ - 9 | +2 . . > : . 
absence of muciear civision, though the epithelium is,of course, 


active so far as Peerensc® and absorption are concerned. 


~ 


‘o 8 


1 


condition, there is, as has been said, a single 
tos opr 
are now columnar (Fig.2), and il ste) in 
, Fig.3); the average length of each cell is 
teu. micra, and the width, four to six micra,. 
" * aoe g 


The cytoplasm h aR under low magnification, a somewha 


‘ appearance} under a one-tenth homogeneous immersion-objec- 


This is due to 


nce which appears in section as a reticulum. Precisely the 
are piven by the living cytoplasm of these cells. 
mec and stained material the reticulum frequently presents 


tion of a granular structure, not sufficiently distinct, 


Around the nucleus, the 


sm is less dense than elsewhere, owing to a coarser alveo- 
(Fig. 2). The cytoplasm becomes eiadartins, denser toward the 
ee the cell, i.se., toward the intima. 
- Adjoining cells are separated by cell walls(lat.), though thes 
ten indistinct and incomplete, in which case he cells are 
lly distinguishable from each other only by differences in the 
y of the cytoplasm and by the positions of the nuclei. The 
pe wall is us sually most distinct toward the base of the cell. 
s not Pe appearanes of a secretion, but rather that of a 
It stains in the 


of 


turgidity, exerted radially in each cell, were to cause condensatio 


wou .d meet . ' 


ota that the inter-cellular boundaries are often incom- 
noticed by Fernald ('90, p .439), who was 
to poor preservation. Iam satisfied, 


that this incompleteness of the side-walls is a normal 


aren 
‘The nucleus (nj) is situated near the center of the basal 
a ; 
It is round or oval, with the long axis in the 
asures from four to six micra 
There is a distinct nuclear membrane, The kary roplasn, 
Las the chromatin arenes takes the haematoxylin stain much 
va than does the cytoplasm, becoming dark blue and the 
in blue-black; while ‘ne cytoplasm remains pale blue or takes 
ntrusting color, if a vider stain is used. Numerous chro- 
—- (chrs) and usually a nucleolus (mf) are present in 
nucleus : : 
Seattered irregularly through the cytoplasm are small round 
. ) of various sizes up to one micron in diameter; 
e highly refractive’ °° non-stainabdle, and consist of con- 
wh ees a! 
cc — ‘Except in being smaller, these concretions are 
found 
bes in the fat-body. The latter have been described and 
P by Somer ('85, p . 689), who found them insoluble in water 


d alcohol, but soluble in weak acids with a lively evolution of 


oes 56 i t 
erie at 


ae . | 600 DNS ese 


< 


Fernald ('90, By - 442) working on 
similar coneretions in two ind lividuals, and 
the rest of his material they had been dissolved 


in fixing and killing. 


as found . 


thurus fuscus: "Les conerétions que logent les vacuoles 
lules en question sont sphéroidal es, de taille fort variable, 
ry a be ene : ra a . 
| constituees de couches concentriques et cons@quemment 
S par dépdts successifs autour d'une masse initiele. In- 


e dans aia barhosk, 1'éther, le chloroforme, elles dis- 
" ‘ee 


a. comme chez Sminthurus fuscus adulte, leur destruc- 
5 = = = / = . 4 
me petite quantite de liquide acide s'accompagne de 
— - s * . ~~ ‘ : 
on de masses cristallines irréguliéres qu'on voit 


P a ee | = 
Spec CLV + 


es de l'acide urique. 


ents appropriés de Sminthure. D'autre part, si tA on-atta bene Fay 
cide chlorhydrique > étendu des amas coner¢tionnaires du 
lembole, on obtient une solution qui, lentement évaporee 
slide, fourn it des cristaux appartenant a a systéme cubique 
s & ceux du chlorure de sodium." 
As the result of my own experiments, I have found that the 
v 
eretions in the epithelium of the stomach and those in the 
: with Ache 
' behave alike, when treated water, hydrochloric acid, picric 


* 


y caustic potash, alcohol, xylol, etc. Both kinds are insol- 


SS (eteginot and xylol. After soaking for some time in water, 


wee 8 ed eta |S 
Imost invisible. Prolonged treatment. 


with Biker acid did not dissolve the peripheral zone, but the cens 


| which had been more granular, disappeared and must have 
gince it could not be recovered in the same form. Treat- 
Z. potash for several hours caused the pees uicae es 
ar as such, leaving only pale circular outlines and in some 
inute granular residues which had formed the nucleus of 
e con creti on. ‘ ; 
Notwithstanding Willem's statement that the murexide reac- 
easily obtained from the concretions in the fat-body, I 


get the reaction from either kind of concretions. I did 


| ne edle-shaped crystals from a hydvookioric acid solution, 


a. ce rtain that these came solely from the concretions. 
oe oy 


obtained from a picric acid solution of the concretions were — 


aped and slightly curved, often branching fan-like at 
ae os te s —¢e . - : . 
end. These were indistinguishable from crystals of sodic 
% 
# 
de which Ll obtained from Nach. Thus the base of the concre- 


ni 
is” 


s sodium; as regards the acid, my partly negative results, 
have less weight than the positive results of Willem; 
| from ny own experience, I am incline cl to agree with him 
_ coneretions are sodic urate. — 
The chemical tests used by Willem are the same ones by means 


i 
which Plateau ('74, p.. 32) obtained sod 


rig il 


c urate from the Mal- 


bs 


7 
a 


ian tubes of Carabus auratus and Oryctes. Fabre ('56), it may 
e mentioned, found uric concretions in the mid-intestine of Sphex. 
Within the digestive cavity of each of the apecies examined, 


te, 


is opmmnan to find mumbers of spheroidal bodies (Pl rie. game, 
; (\ #67 ee 


_-10- 


ai meter rom ten to fourteen micra. They have an alveo- 
plasmic Bipeerae not unlike that of the epithelium, and 
the Peres of a ty ‘pical cell, i.e., nucleus ba, nucleolus 


eG @istinct nuclear membrane. (nye) The nucleus stains 
AS ; 


ele ‘These cells are found in all parts of the digestive 


on either side of a. es membrane, anc also within 


ae passing ata the lumen . In the resting cells 


ue free cells are evidently parasitic, unicellular or- | 

oo iaamietah Sommer (a5, p. 715) made the 2; 
obs Mervatiing *bereus haufig, ja fast als konstanter 
dndet sich im Chylusderm eine Gregarine. Dieselbe tri 
vereinzelt auf, oder nesellig, zuweilen in solchen Massen, 


st des Darmepithels fast nur Gregerinen an der Darmwand 


"Eben so hatte ich Gelegenheit,Entwicklungsstadien von Peas 


es 

Cysticerken, zu finden, welche den aus dem Darm von Tenebrio 

Litor von stein beschriebenen sehr sleichen. | 

“Raich ist das Vorkommen Junger N ematoden zu Semen ats 
spiralig zusammeng O1llt, gelegentlich in mehr /facher Zahl 

ngetroffe n ee Sommer neither figures nor describes the forms 
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ror not the organisms which I have observed are the 


iT 


ee he found. My material, as it happened, Sethian 


ek, ; ; 
The intina or Setar membrane, is a secretion from the epi- 
lls of the stomach. It is striated transversely, the 


} from one* fo one and one-half micra apart. They are due 


sobability to minute pore-canals through which fluids may 


secreted or absorbed. Frengel, Oudemans, Sommer, Gehuchten 


‘s have described and figured the intima as a layer of fine 
at, ais they give the name “"Haérchensaum"., In Tomocerus, 
the age cao Ss no such appearance, but is clearly a 
(Pl. A, Fic fy, The thickness of the intima in different 


uals varies from that of a barely perceptible line, to a 
me . — 
s of four micra. ne a: , 
a / , 
The food-contents (Pl A, Fig.#/,food) of the stomach are always 


sed ir a thin, elastic membrane (per. m.) which holds the sub- 
Eitorcther in a compact, cylindrical mass. A similar peri- 
membrane, or "funnel", has been described by Schneider 


2 10 a Sata in Thysanura and in many higher forms, 


er observes that "Alle den iniahter. healtenden Insecten 
ven) ilieen feste, selbst unverdauliche Stoffe, rahrend 


anderen, flussige Nahring zu/Sich nehmen ." 
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Various suggestions as to the origin of the peritrophic men- 
e icy ten made. Pagenstecher (as quoted by Schneider, p.140) 
urded it as a secretion of the salivary glands. No evidence to 


es view is found in the forms I have examined, and the 
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poe the head, appears +o me, to say the least, improbable. 


(as quoted by Schneider, p. 140), Oudemans. (p. 191), 
der (p. 140) state that the peritrophic tube is chitin ous 
at which does not apply in the case of Collembolda, roree 
nd, upon treatment with caustic potash for several hours, that 
food-enclosing membrane, as well as the intima of the mid- 
stine, disappears, while the chitinous intima of the fore- and 

t sstiné, unaffected visibly by the reagent. Plateau and Bal- 
ed by Packard, p. 314) offer a more reasonable explana- 


‘that the membrane is a secretion formed at the surface 


epithelial cells of the chylific stomach, and this I find to 


vestagsaaa In almost any specimen, She origin of this ~, 
around the food. ma so) be seen(Pl. oon ty, The intima 
splits or else Lowen from the epithelium and envelops the 
y at the same time Sitter its striated appearance, and 
- folded and twisted in accomodating itself to the size of 
— when the latter does not fill the lumen. After 
intima in this way, the epitheliun immediately begins to 
Bi, which increases in thickness as secretion pro- 
a | a as 
The food (Pl.1,Fig.1; Pl.4Z,Fig¢, food) contained in the per- 
ic membrane consists mainiy- of particles of wood, and in hae 
3, of fungus spores. Three kinds of fungus spores were found 
peatedly in different specimens, often in such quantity as nearly 

41 the digestive cavity. Thes e were recognizable as Capnodium 

salicinun, Macrosporium and Triposporiun, the last two not being - 
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iently intact to admit of specific determination. (For the 
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Pict of thbee fungi, I am indebted to Mr. te Be Barrett, 
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iversity of Tllinois.) In the food mass are found also 


or elongate bodies (par.), each possessing a nucleus, 


a 


ei ‘ : ac ae 
s and numerous vacuoles, which bodies appear to be identical 


> a 


“in the stomach cavity and cutside the peritrophic membrane 

LAP 

is us vally a faintly staining, cvenly granular substance (pl.) 
ea 


e to the blood-plasma found in the body cavity, but contain- 


no corpuscles nor nuclei. This substance is probably a diges- 
fiuia secreted by the epithelium of the stomach. 

Pee Stage II. (Pe. 4 Big!) 

_ killed about forty-eight hours before ecdysis, 


|} the following ee of the epithelium. The al- 


a 


Par tne whole a wall. The highly refractive granules, 


ret ions ( oe in the cytoplasm become more numerous 


ily in the region between the nucleus and the intima. 


A series of important changes in the epithelium now occurs. 
> * . * : * 
e changes are continuous and rapid, and the entire series is 


Leted by the time the external moult takes place. From this 


until the next resting stase, the sidé walls(lat.) of the 
Ss are indistinct, except occasionally for a short distance near 
2) base, the cells being distinguished from one another only by 


their nuclei and by differences in density. 
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Mic wt) Moeuece Tit, (PL. fp ,Fic-p). 


| thickness of the epithelial wall is now from thirty-six 


‘ 


-micra,—an enormous increase as compared with its thickness 
, ‘ ’ ] 


esting stage,—and the inner half of the cell shows nuner- | 


7 tVRA.e oF 
peneses,, Tour to six micra in diameter, is found immediately 


e vaculoes ep from three to ten micra in diameter, 


y of which contain conspicuous coneretions (con.). A distinct 


the intima (in.), The gregarine parasites (par) are now 


in the ental half (ent.) of the wall, and in most cases, each 


surrounded by a clear vacuolar space. 
The most striking difference, however, between this stage 


ies om MI MH 
ae | prece¢ding, is seen in the position of the nuclei rare 


which have moved from their original position in the basa 


x gi 


tf) of each cell, to a new position in the more coarsely 


= 


molated area (ent/) nearer the lumen, forming a second layer of 


» inside the original, or primary, layer. The number of 
ant nuclei (mig. ng), is somewhat less than the number of re- 


zy nuclei, being about forty-three per cent. of the whole 


'» It is noticeable in some cases that each of the migrant 


di 


lei is entirely surrounded by large vacuoles, as it moves from 


| basal to the ental half of the cell. But what moves the nucldi? 


n this study, as appears in the figures given. Immediately after 


a bs 
she nuclear division which took place at the prece ding ecdysis 
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than ae other. (Pl. ¥,ig. b). As ecdysis approaches, the 


rot the cytoplasmic layer becomes less dense than the 

f, owins bo the distention of its alveoli and vacuoles, 
the daughter nuclei which are nearer this resion of lesser 
"move tas o it. This movement is accounted for by the ae 
y of the cytoplasm. When a cell of the stomach epithelium is 
|, in its own fluid, without the addition of water, it 

to i here teed form, owing to its turgidity (Frenzel, pi2s9,. [i 
_ 8; Oudeman's, p. 100, Tab.III,Fig. 36), and this same 
| secms to explain the prpopulsion‘of a nucleus from a region 
ser density to one of lesser density. It explains as well, 
fétiovel of gregarines from the cells of the stomach, and also 


val of excretory coneretions (as described beyond) from the 


= ~ 


is oo 
Stage IV, (Pl. f, Fig. Yo). 


aa 
Following the condition described above, a separation appears 
n the denser, basal part (ect4) of the epithelial wall and : 


more coars ely vacuolated portion (ent4) next the lumen. The 
: 


et is effected by a dividing membrane (in{) which forms 
y between the intima ‘and the basement membrane. This dividing 
is at first extremely thin, but it gradually increases in 


i 


ess, and acquires all the appearance of the ordinary intina. 


» grows in thickness, it pushes before it the vacuolated ental 


vision of the wall. 
_ The number of nuclei WW) remaining in the primary position, 


i.e, near the basement membrane, is now restored to the normal 


Rixisar- by mitotic Givision. Since the number before this division 
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mo re than half he original number, and since the number 
ie resting epithelium of the adult insect does not 


from moult to moult, it follows that not all the nuclei 


ind divide, but only enough to replace those which were lost> ~ 
Tt as 
ss it in this way. In the growing insect, however, there 


an actual increase in the number of epithelial cells. The 
p division Le. Sssrect or wa otic, as was said, Immediately 
4.” ) 

division, the nucleus (Pl. ‘a ige i becomes slightly larger, 


7 


m to eight micra in diameter) than in the resting stag 


DY gx micra), the karyoplasm becomes more coarsely reticu- 


ly or alveolated, and the chromatin elements stain in sharper 


to the karyoplasm. The weniete phases of mitosis (Pls Ban 

18), are distinct and easily recognized, especially in 

| stained with haematoxylin and Orange G; yet the chromatin 

| and crowd together nw such a way as to make it 
impossible to determine the exact number of chromosomes. 

e instances, however, (Pl. Y, Pigs | 5 the number of 

omes appeared to be sixteen, arranged in eight pairs. The 

of civision is transverse to the axis of the stomach. In- 

Bases just nape Ke division of the epithelial wall into 

Pail Pl « ‘, Fig. »), invariably show mitosis in full 

In some instances, a count of all the nuclei which 

ppecred in a tangential section of the outer part of the wall 

bod: fully thirty per cent. of the nuclei to be involved in one 

another stame ef. mitosis. tmaediately after division the daugh- 


ter nuclei (Fig. 20, dau. nj}, are smaller (three to five micra in 


peter), and stain more intensely than do the nuclei in the 


ve lee 


res" sing 8 tage. 


~ J De ‘Btage V. (Pl.9f, Fig. PP) 


oe 


Following the separation of the epithelium into two layers, 


> layer (ect.) gradually decreases in thickness and returns. 
, € 


resting condition. The inner part (ent.) consisting of loose- 


—. 


ized cytoplasm, and containing meres {a4 concretions (conf) — 


sites (par ), becomes enclosed in a membrane precisely sim- 


in structure and origin to that which encloses food in the 

ny it is, then, another peritrophic membrane. The whole ny oe 
\ 

prenton since Stase IV. has occupied the entire Cigestive cav- 


(a. fy Fig. 1 ), now gradually shrinks (pi. d, Tig. = . 
4: 


= cytoplasm undergoes marked changes in appearance. Paige G2 


oli (alv/) and vacudles (ae coalesce and finally break 


‘ deavine only fragments of cytoplasm which have lost atl al = 
a a “d 
tion ona. become merely granular, and which for the most Paar 


ally espappean. The nuclei offer, apparentiy, more resistance 


iy 
s of degeneration than does the cytoplasn, retaining 
ity after. the alveolation of the cytoplasm is or 
a= 
\- 


be come, however) slightly swollen (Pl. p» y Pick As “aagsa. ) 74 
) 


lose ‘the nuclear membrane. The chromatin bodies (chr. Fig.f 


nucleus remain for a time in their relative positions, but 


J alone, of all the elements which were formerly a part of the 
eliun, are unaffected by the process of degeneration. Para- 
ites, if present, also remain unaltered and are cast out of the 


av. ; 
alimentary canal, but these, of course, have never been in a true 


tk a part of the epithelium, The residue, which is ejected 


om the alimentary canal at once after ecdysis, consists almost 


V. REGENERATION, 


The process of degeneration which I have described is quite 
t from the regeneration of the epithelium of the mid-intes- _ 
ich latter process has been fully described by Frenzel for 


a 3 _ . . 7 aa 
ey Diptera, Lepidoptera and Hymenoptera. He says ('SS5,p. 


ee’ basal im Epithel sitsender baits sisctage, in die Héhe 


7 


‘coi die man sofort als Jugendformen ansehen wird. 


aucstenis ns “Die eigentlichen Epithelazellen im 
Mitteldarm der Insekten, gleichgiiltig ob sie dem Darmschlauch selbst 
wh dessen Ausstiilpungen angehitren, gleichgiiltig ferner ob 

m Typus der langrestreckten Cylinderszellen oder der Fund i ich- 
leimgzellex zuzuzaéhlen sind, pflanzen sich auf dem Wege, der 


‘ an] 
n (amitotischen). - Kerntheilung (Holoschisis)fort, wdéhrend 


chn, & larvae to be similar to that described by Frenzel, in so 
as he (Faussek) was able to observe. Turning to Thysanura, to 
| Collembola are most nearly allied, we find Oudemann's refer- 
18 rey the process in Machilis, as follows ST Be 192): "Alle 


@ Beobachtungen sprechen fur eine Regeneration des Epithels in 


ait. 


7‘ 


ni 2, ey En F PNY ae j 


in die grésseren tiber; (2) finden (indirekte ) Kern- 


s 
“ee den am tiefsten liegenden Zellen Statt; (6) ist die 
der ausgeschiedenen Secrettropfen grésser, je weiter die 
en von den tiefen Stellen entfernt sind und @) lassen die Rand- 
r Polygonen leichter Los und zerreissen auch leichter als 
en in der Tiefe." 

Collembola, as compared with other insects, the conditions 
—" for the regeneration of the epithelium does not 

| from local aggregations of cells, text takes place throuchout 


a 
thelial layer, by means of celi-division, as I have observed.. 


2 


re, the nuclear division is mitotic in Collenmbola, instead 


Q 


a 


to ic as it is said to be in other insects. 
VI, SECRETION, 


The epithediun of the middle region of the at hitch is marked 
f Prequent occurence of cells. (Pl. pesced » 8e¢6-c/) the con- 


of ‘ which are conspicuously clear,on account of the excessive 


? 
unt ¢ of vacuolar fluid and the reduced amount of inter-vacuolar 
Scattering cells of this type are found on all sides of 
1 and as far down the alimentary tract as the posterior 
of the third abdominal segment, but they are most numerous on 
ventral side, and in the region of the first abdominal segment. 
In specimens which had not eaten for some time previous to being 
lied, these cells were so distended with fluid as to project for 
a distance of two or three micra into the stomath cavity, and the 


ar contents were dense enough to crowd the nucleus to one 


e or to ee base of the cell. These clear cells, which I have 


tr a i id a 
also in oe stomachs of other ihaeets (as the larva of 
oe 


mor: i) are SpeciaLt ted for the purpose of secreting a copi ous 
1 
» Which accumulates in the cell when no food is taken into the 


, but otherwise passes through the intima to mix with the 


‘In insects which had fasted for five or are days,large vac+. 
occurred around the puldens te1, x5, Fig. Bay and often a 
Heres large vacuole (Pl. fs, Fige 35) foun to six micra in 
eiay in each cell, near the intima. These vacuoles 


4 
- infer, contain accumulated digestive secretions. In a few 


» after the insects had fas phe, the Dae wall was “| 4 
d to be exceptionally thin.(Pl. Po; Tigse 46 ), on account 


of a reduction of cytoplasmic substance, probably by absorption into 


The ® thelium of the posterior part of the mid-intestine, 
12961, is marked by numerous proliferations which appear 
on the er ital surface of the cells and project into the lumen. 

these Mik teh rations are found in various stages in the same 
7 it is not difficult to trace their origin and develop- 

. The cells of this region are long and narrow and are crowded | 


of the stomach. A cell of this kind, turgid with digestive 


ee = 38 ps ie 
d, becomes convex on its free surface (Fig.6, coe feta) — 


ty increases, carrying the intima before it, until a part 


the cell projécts into the lumen (secepe3.). heat the connec- 
i eC . 


n between the projection and the cell cons stricts (4) until there 
See.) 
sults the sepa ration of a spherical body (St; six to eight micra 


Sere > : 

in diameter, exclusive of intima, made up of ordinary cytoplasm 
‘ : 
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ving eenaent one but tavariaety without a nucleus. 


g tree in the digestive cavity, the spherical body lose 
), becomes less definite in outline and stains less 
acuoles and alveoli break down, their contents escap- 


x with the foo@. The residue of reticular substance re- 


short time faintly granular, but soon disappears. Tt 
nat this process also is one whereby digestive fluids 
lave been elaborated by the cell, are given off to ‘et on 
diishtex tine described the process of secretion in the 

| Ptychoptera. Aneording to his observations(as quoted by 
d, pp. 326-329), when an epithelial eel is about to empty 
. sen into the alimentary canal, the cell becomes distended 


of the cytoplasmic body projects into the digestive 


a the platform has disappeared, anc is replaced by a simple 
During the process of secretion, a finely granular sea 
uous with the cytoplasm, swelis, raising the limiting membran 
the ‘entire breadth of the cell, and causing it to project into 
lumen. A pear-shaped vesicle is this formed, which eventually. 
constricted off from the cell and set free in the lumen of the 
These vesicles, both before and after separation from 


cell, are clear and transparent in the living insect, but more 


nular in the tissue fixed for sectioning. Gehuchten then de= 


ibes.a modification of the process which occurs when 
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n is most active. The erg ing membrane may then be 


eee places at once on a single cell, and several 


‘may form ins tead of one. After becoming detached from the 
ese vesicles rupture and their contents mix with the food. 
ham ('98, pp. 103-113) has described the accumulation 
arge of the digestive secretion in dragonfly nymphs, in 
aes T of the same type as in Orthoptera. 


‘ YY. 
ersed between the cylindric cells are groups, or "nidi" of 


oundish cells, close to the basement membrane, and having 


roe , * a a . / . ‘ . 
Miiisetion with the digestive cavity. The secreting process 


een the nidi. These cells then rise in elevations with 
4 
summits from which the striated border has disappeared, 
ae 
1 a globule is discharged as if crowded out by compression from 


ent cells. Each elobule discharged represents the larger part 


On» grow, crowd their way to the surface, acquire a striated 
become functional, secrete, discharge, digest and die, 

; place to others which in turn run the same course." 

Certain differences will be seen at once between the process- 
Pisses ion as described by Gehuchten and Needham, and the pro- 
in Collembola, Since in the latter the proliferation does not 
“through the intima, but is still covered by the striated 


rane when constrictec off. Moreover, in Collembola the dis- 


arged portion does not represent the greater part of the cell, 
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at is the meaning of the periodical degeneration of half > 


eilial wall of the mid-intestine? Sommer has suggested one - 


cast-off epithelium. He says, (p. 715): "Ob die ab- 
ie Zellen dem Thiere wahrend der Hautung, wo dasselbe 

Ine Stozze von aussen aufnimmt, zur Nahrung dienen, lasst sich 
oa nicht behaupten, ist aber nicht unwahrscheinlich." 
8 supported by the decrease in quantity of the cast-off 
21 before it is finally ejected; for the evident explanation 
s decrease is iat the nutritive elements are digested and 


This is merely incidental to a larger process, however, 


Piet te accounted for, While the insect is growing, the 


Chere 


seg stomach is effected by a constant increase in the x 
r of its cells, through mitotic division. A simple explana- 
hth would be that this phenomenon is merely an incidental 
of the continuance of the ordinary process of cell-division 
e stomach has reached its ee size; when, therefore, 


surplus cells with their nuclei mist be disposed of. It is 


hroughout the life of the insect. | ‘ 

_ A second possibility that suggests itself is that the 

i. 
nomenon is a secretory process. It is already know that among 
ts of several diverse orders (see p.22)some of the cells of 
the stomach cast off each a portivn of its cytoplasm in the form of 


a rounded vesicle, the contents of which mix with the food in the 


tye: ) : 
dumen of the stomach. Have we here essentially the same thing, 
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it involves the entire epithelial wall, instead of be- 


l, and involves nuclei as well as cytoplasm? The answer 
or at the time of the casting-é6ff of the epithelium 
its remains are discharged from the rectum, there is usually 
9d whatever in the alimentary canal, and at most, only the 
itest traces of food. 
2 44. pyre 
The most reasonable interpretation at which # have been able | 
’ “ ahi . 


fa 
e is the following,-- an induction from the facts observed. 


ee 


ra moult, when feeding is resumed, or even before food is 


, peculiar concretions (see p.@= ) appear in the cells of the 4 
2 co ‘, i 

wh. These concretions increase in number continually. They 

oe = 

ittered throughout the cell until it is nearly time for the 


“then they accumulate in the ental half of the cell, which is 


. 


e lumen | of the stomach, where the concretions remain intact 
f 3 

iby 

ry 


they are ejected from the alimentary canal. These concre- 
= lA ‘ 7 


‘orm in the cell as products of cell-metabolism; they increase 
= 


al 
the ace of the cell; they are insoluble in the blood of the 


. 
ie 


a ee 


t, and are highly resistant to ordinary chemical reagents, 


inner end of the cell and are then cast off. Therefore I re- 


’ 


- 
10); they eventually load the cell, become segregated at | 
¢ 
; 


chem as excretory products. Being insoluble, they are removed 
iy and this removal is accomplished by cell-division. Though 


pemoval involves an initial sacrifice of half the cytoplasn, 


| 
| 
1 
| 
half the number of daughter nuclei, the fluid contents of both ; 


se are resorbed by the remaining epithelium, before the concre- 


- 


ons, chromatin matter and fragments of disintegrated reticular 
a | 


substance are expelled from the body. 
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retions on Fee ve ty the same kind, though larger, are 


ae 


fain the fat-body of Collembola, where they increase in 
th 


the age of the insect and where they remain until the 


a 


, ‘ 
This conclusion-that the stomach in Collembola has an ex- 
y function,— is of course unique for insects. But Collembola 


ves are unique among insects (excepting possibly Japyx) in 


10 Malpighien tubes for ths extract i: mn of waste products 


| the ‘blood, —and excretion is one of the vital. necessities of 


cell. 


VIII. SUMMARY. 


‘The jekte of the mid-intestine become confluent and im- 


aei, cividing the epithelium into two concentric layers. The 


of these two layers degenerates; the cytoplasmic reticulun a 
inteprates; the nuclear membranes disappear and the chromatin ‘ 
les become scattered, but remain intact; much of the fluid 5 


elled through the rectum shortly after the external moult. 
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cess is n exéretory one. By this means, the rapiale’ 


ig concretions of sodic urate are removed from the cells 


_ are also, but incidentally, unicellular 
es (Gregarinidae). 
“The nuclei lost by dueune ration are replaced by the mitotic 
‘of the remaining nuclei,--this occurring before the inner 
f the epithelium is Roiet off. 

“The poritrophic membrane, Which always envelops a food-mass, 
formed by the splitting of the intima, and is therefore a secre- 


from the epitheliun of the mid-intestine, The wall that di- 


‘4. 


the originally single layer of cells into two layers, splits 


r Pie 


o membranes, one of which surrounds the degenerating epithe- 


les -~- 


Bape strerise membrane, while the other forms the new in- 


a formation of new cells takes place throughout the epi- 
liv, by mitosis; this se heherntion does not oceur from local 
Ss, or "crypts", as it does in other insects; furthermore, 
sotic Givisions are found at any time. 


_< ye 


_ Secretion is performed (1) by the general epithelium of the 


laa (2) by special clear cells in the middle region of 
stoma 


es. off proliferations into the lumen, which become constrict- 
5 . 


(3) by specialized cells in the posterior region; these 


off, as free, rounded, cytoplasmic vesicles, which break down 
alimentary canal and mingle their contents with the food. 
This novel réle of the mid-intestine as an organ of excre- 


is correlated with the absence of Malpichian tubes in Collen- 
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